INTRODUCTION
During the long dry season, tropical forages are of low quality due to high fibre content and deficiency in important nutrients like proteins that are vital for rumen microbial growth and overall animal performance (Preston and Leng, 1987; Leng, 1990) . Protein supplements can increase forage intake and digestibility and improve animal performance (Poppi and McLennan, 1995) . However, supplementation with protein in the absence of adequate sources of energy can lead to protein wastage (Nolan, 1990) .
Moderate energy supplementation is sometimes necessary in order to increase glucose precursors thereby enhancing gluconeogenesis, acetate utilization and overall microbial growth (Cronje et al., 1991; Khalili and Huhtanen, 1991) . The slow degradation of plant fibre by cellulolytic bacteria in the rumen requires a good synchrony between energy and nitrogen (N) release (Beever and Siddon, 1986) .
Research on the use of various sources of nitrogen to improve utilization of poor quality roughage commonly used in Tanzania has been going on for some time (Shayo et al., 1997) . However, though smallholder dairy farmers use sources of energy like maize bran, molasses and cassava, and a feed additive called "Magadi", there has been little effort to evaluate how these ingredients affect rumen fibre kinetics and overall rumen fermentation. The "Magadi" locally used in Tanzania is very close in composition to a commercial product called "Magadi"-soda naturally harvested from Lake Magadi in Kenya (Nyachoti et al., 1998) . The major ingredient in Magadi soda is sodium sesquicarbonate (NaCO 3 . NaHCO 3 . 2H 2 O). The aim of this paper was to investigate how these supplements can affect intake and digestibility of the poor quality hay in order to make the most efficient use of the available feed resources through strategic supplementation for improved productivity.
MATERIAL AND METHODS

Animals feeds and feeding
Five rumen fistulated, mature non-pregnant crossbred heifers (1/2 Boran x 1/2 Friesian) were used in a 5 x 5 Latin square design. The animals were weighed at the beginning of the experiment (IBW) and at the end of each period (FBW). The experimental period lasted for 28 days including 14 days of preliminary period followed by 7 days of estimation of voluntary feed intake (VFI), in vivo and in situ digestibility determinations and 7 days for rumen evacuations. After termination of the intake experiment, three ruminally fistulated animals fed a standard diet (2/3 hay and 1/3 concentrate) were used for in situ INDF measurements.
Treatments were: 1. low quality hay plus maize bran (HMB) to reflect normal smallholder feeding practice which was the control, 2. hay sprayed with "Magadi" suspension and maize bran (HMG) to reflect farmers who use the locally available mineral source, 3. hay sprayed with molasses plus maize bran (HMO) to reflect farmers who have access to molasses as a sugar source, 4. hay with maize bran plus cassava flour (HCA) to reflect farmers who could use starch sources such as cassava, 5. hay plus farm made sunflower cake-maize concentrate mixture (HFC) to reflect a situation where smallholder farmers could improve the protein content of the diet using locally available sunflower cake.
The supplements were divided into two portions, one fed at 07.30 and the remaining portion fed at 16.00. The "Magadi" was suspended in tap water and sprayed on the hay. Molasses was also sprayed on the hay.
In all treatments, poor quality hay was used as the basal diet. Urochloa spp. was the predominant grass species in the hay. The hay was chopped to small size using a hand-machete to minimise selection. The animals were fed individually ad libitum. Feeding was adjusted every day to be 10-15% in excess of the ad libitum intake the previous day. All feeds and orts were weighed daily, sampled, and prepared for subsequent analyses. The DM determination was carried out every day in both feeds and orts. Fresh and clean water was provided from automatic drinkers system equipped with flow meters where record was read at 08.00 each morning.
Sampling procedures
Faecal were collected manually from 07.00 in the morning to 07.00 the next day when it was weighed to get the amount of fresh faecal voided per day for each animal. Then, the faeces for each animal was thoroughly mixed in large plastic basins and a 5% sample taken. The samples were immediately frozen at a temperature of -15 o C. At the end of the collection period (7 days), samples were de-frozen and pooled for each animal. The pooled samples were then thoroughly mixed and a sub-sample of 500 g taken for each animal. The samples were oven dried at 60 o C to constant weight to determine DM content.
A day before the onset of rumen evacuation, 24 h rumen fluid samples were taken for determination of diurnal variations in pH and ammonia concentrations. The sampling times were at 07.30 (before morning feeding), 10.00, 12.00, 14.00, 16.00, 18.00, 20.00, 22.00, 24.00, 02.00, 04.00, 06.00 and 08.00. At the indicated sampling hours, materials from the ventral rumen sac were scooped by hand and squeezed through four layers of cheesecloth into a clean beaker. About 100 ml of the liquid was taken. The pH was immediately taken using a portable pH meter. Then, 30 ml of the fluid was decanted into a 50 ml sample bottle and acidified to pH 4.0-4.5 by adding 3 ml of 5M sulphuric acid to limit loss of ammonia from the sample. Samples were put in an ice packed cool box and taken to the laboratory. In the laboratory, the samples were centrifuged at 3500 g for 20 min to precipitate the feed particles and the supernatant was put into 20 ml test tubes, then deep frozen at -20 o C until analysed for volatile fatty acids and ammonia. Rumen pool size of NDF was measured by the rumen evacuation method at 3 occasions during the last seven days of the experiments in accordance to Dado and Allen (1995) and Stensig et al. (1998) . Evacuation protocols were such that a minimum time interval of 48 h between two evacuations was allowed to avoid any effect that might occur on subsequent measurements. Rumen evacuations were performed at 07.00 on day 24, at 12.00 on day 27 and 17.00 on day 29 of each period.
Analytical procedures
Dry matter and ash analyses were carried out using the procedure as outlined by the AOAC (1990) . A portion of the dried hay, faecal and rumen ingesta samples were ground to pass 2.5 mm screen for in sacco incubations, while samples intended for chemical analysis were ground to pass through 1 mm screen.
The indigestible proportion of NDF (INDF) was estimated from the in sacco residues after 21 days incubation in the rumen. About 2 g of dried milled hay, rumen ingesta and faecal samples were weighed into nylon bags (measuring 7.5 x 10 cm and pore size 36 µm). The bags were incubated for 21 days in the rumen of three mature heifers fed a standard diet comprising 2/3 hay and 1/3 concentrate. On day 21, the bags were removed from the rumen and washed with tap water followed by washing in domestic washing machine for a spin of 20 min using only cold water. The residues were then analysed for NDF.
All the samples analysed for NDF were done according to the methods described by Van Soest et al. (1991) . In the analyses, however, sodium sulphite and α-amylase were omitted. CP content in samples was calculated from the nitrogen content estimated by the Kjeldal method (AOAC, 1990) .
The concentration of ammonia in the ruminal fluid was estimated by a standard procedure as described by Chaney and Marbach (1962) using alkaline hypochlorite/phenol nitroprusside. The concentrations of VFAs in the ruminal fluid were determined by using a gas chromatograph (HP 6890 GC) coupled to peak integrator (HPGC Chemostation, Hewlett and Packard, 1990-1998) by the method by Richardson et al. (1989) with some minor modifications.
In vitro organic matter digestibility of the hay and concentrates was determined using the method of Tilley and Terry (1963) .
Calculations
Estimation of duodenal flow of NDF. Rate of passage of NDF from the rumen, calculated from rumen evacuation data, should be determined from measured rumen pool size of NDF and duodenal NDF flow. Since the animals used in this study did not have duodenal fistulas, it was not possible to directly measure duodenal NDF flow, and was thus calculated assuming a hindgut digestion of 6.5% of NDF intake, using the following equation NDF kinetics. Fractional rates of passage and digestion (referred to as rates of digestion and passage) of fibre fractions in the rumen were calculated from fibre flow and pool sizes in the rumen as previously proposed by Robinson et al. (1987) as shown below:
Rate of intake (ki) %h -1 = 100/24 × daily intake (kg)/rumen pool size (kg) Rate of passage (kp) %h The model assumes first order-kinetics and in the current study it incorporated potentially digestible and indigestible fractions as described by Allen and Mertens (1988) .
Rumen digestibility of NDF and DNDF was estimated using a simple onecompartment model as described by Allen and Mertens (1988) as shown below:
Rumen digestibility of NDF = DNDF/NDF x (kd/(kd + kp)) Rumen digestibility of DNDF = kd/(kd + kp) where kp and kd have been described above.
Statistical analysis
Statistical analysis was carried out by the General Linear Model (GLM) to test the differences between the means of the various parameters using the model: Y = I + T + C + P + ε (Model 1) Where Y = dependent variables I = intercept T = treatment (HMG, HCA, HMO, HFC and HMB) C = cow (cow1-5) P = period (period 1-5) ε = random error
Comparison between treatment means was done by PDIF in GLM. Results are reported as least square means for each treatment with standard error of the least square means. P-values were based on type II test (SAS, 1988) .
RESULTS
Chemical composition of feeds
Chemical composition and in vitro organic matter digestibility of feed ingredients used during the trial are shown in Table 1 . DM percent ranged from 78% in molasses to 93% in the hay. The CP content of the feeds varied greatly, with the concentrate mixture having the highest followed by maize bran, hay, molasses and finally cassava flour.
The CP content in cane molasses was within the range reported (1-5%) from tropical areas (Göhl, 1981) . The hay had the highest ash content (10.9%) followed by molasses (10.0%), cassava (7.8%) and 5.4 and 5.1% of DM in the concentrate mixture and maize bran, respectively. As expected, the NDF content was highest in hay (75.2%), medium in maize bran and concentrate (32 and 38% of DM), respectively and assumed to be zero in molasses.
In vitro OM digestibility results for cassava flour from two different laboratories gave incredibly low values (33 and 39%). This was possibly due to the effects of either low nitrogen or high cyanide content that may have reduced microbial activity in the in vitro system. Table 2 shows the amounts of supplements and additive given to the animals under the various treatments. About 2.7 kg DM of maize bran was offered in HMG, HCA, HMO and HMB while 2.8 kg DM of concentrate mixture containing 1.9 and 0.9 kg maize bran and sunflower cake, respectively, was given during HFC treatment. It was planned that animals during HMO treatment would consume about 1.4 kg DM molasses. However when the final intake was calculated considering the refusals, actual molasses intake was 1.3 kg DM/cow/day. The amount of concentrates consumed (% of total DM intake) was significantly (P<0.001) higher with sugar (HMO) and starch (HCA) compared to the other treatments due to the additional DM from the two supplements and not from increased consumption of hay. 7 HMG: hay + maize bran + "Magadi"; HCA: hay + maize bran + cassava; HMO: hay + maize bran + molasses; HFC: hay + formulated concentrate; HMB: hay + maize bran 1 contained 1.9 kg maize bran and 0.9 kg sunflower cake Shown in Table 3 is the mineral composition of "Magadi". The high ash content of "Magadi" (83% of DM) indicates that the ingredient mainly contains minerals. The largest component was water-soluble bicarbonate (18% of DM) that is also reflected by the high amount of carbon (6.7% of DM). 
Animal health
One heifer died with signs of East Coast fever (ECF) at the beginning of period 4 and was replaced with another heifer of nearly the same weight.
Intake, flow and digestibility of nutrients
Results of intake of the various dietary components are shown in Table 4 . Hay DM intake was not significantly affected by treatments, though it tended to be higher (P<0.1) with nitrogen supplementation compared to the other treatments. Total DM and OM intake was significantly (P=0.01) higher with sugar (HMO), starch (HCA) and nitrogen (HFC) supplementation compared to "Magadi" (HMG) and the control (HMB) ( Table 4 ). There was no statistically significant treatment effect on faecal flow of DM and OM (Table 5 ). Apparent digestibility of DM and OM varied between 49 and 56% and was significantly (P=0.05) higher with sugar, starch, "Magadi" and nitrogen supplementation compared to the control (Table 5) .
Total nitrogen intake during the experiment varied between treatments. It ranged from 71 to 96 g/day with the highest value occurring with nitrogen supplementation (HFC) and the lowest with the control (HMB) and "Magadi" (HMG) ( Table 4) . Faecal flow of N was highest with "Magadi" and sugar supplements (54 and 53 g/day, respectively) while for other treatments, it ranged from 40-43 g/day). Apparent N digestibility was significantly (P=0.04) influenced by treatments; being highest with N supplementation and lowest with "Magadi" supplementation (Table 5) .
The intake of NDF was significantly higher with nitrogen, sugar and starch supplementation compared to the control (Table 6 ). "Magadi" (HMG) and the control (HMB) had similar intake of NDF (4.2 kg/day) ( Table 6) . Calculated duodenal flow and faecal flow of NDF did not differ significantly between the treatments. However, calculated rumen digestibility of NDF and whole tract digestibility was significantly lower (P=0.05) with starch and significantly higher (P=0.05) with nitrogen supplementation compared to other treatments (Table 6 ). Similar trend was observed with digestible NDF.
Rumen fermentation
Rumen fluid concentration of total acids did not differ significantly between treatments (Table 7) . However, the molar proportion of acetate was significantly (P=0.01) higher with nitrogen (HFC), "Magadi" (HMG) and in the control (HMB) compared to starch (HCA) and sugar (HMO). Sugar and starch supplementation had the highest molar proportion of butyrate compared to the other treatments. No significant effects due to treatments were observed in the rumen fluid pH. Rumen fluid ammonia concentration was significantly (P<0.001) higher with nitrogen supplementation compared to the other treatments (Table 7) . Figure 1 shows the diurnal variations in the ruminal fluid pH with the various treatments. Nearly all treatments had a fall in ruminal pH from 6.9-7.0 just before morning feeding to 6.6-6.8 three hafter feeding with HMB having the lowest pH. A more drastic fall in ruminal pH occurred just after feeding concentrates at 16:00 reaching lowest levels (6.1) at 20:00 on HFC. Figure 2 . Peak ammonia levels (9.1 and 4.4 mg N/100 ml in HFC and HMB, respectively) were attained 2 h after morning feeding while the levels in the other treatments were between 2.3-2.8 mg N/100 ml rumen fluid. The evening feeding led to a second ammonia peak (8.2 and 3.3 mg N/100 ml in HFC at 20:00 and in HMB at 18:00, respectively). Not only were there no ammonia peaks in the other treatments, but the values were also quite low and ranged between 1.0 to 3.0 in HMG and HCA, and 0.6 to 2.3 mg N/100 ml in HMO. Mean daily ruminal ammonia level (Table 7) was significantly (P<0.001) higher in HFC compared to the other treatments.
Rumen pool sizes
Rumen pool sizes of the different fractions were highest with the evening evacuation and lowest in the morning evacuation while the mid-day evacuation had values in between. The mean values for the 3 evacuations are shown in Table 8 .
The DM % of rumen ingesta was significantly affected by treatments (Table 8 ). The other measured rumen pool parameters seemed not significantly affected by treatments. Values for the average of the three rumen evacuations showed rumen pools of DM (kg) ranging between 8.3 to 9.2, with the lowest and highest value occurring with nitrogen and sugar supplementation, respectively. Mean value of rumen pool sizes ranged from 6.0 to 6.5 kg for NDF, 3.4 to 4.2 kg for DNDF and 2.2 to 2.4 kg for INDF (Table 8 ). 
Rates of passage and digestion
The rate of passage of NDF ranged from 1.65 to 2.10% h -1 , that of INDF from 1.96 to 2.55% h -1 and 1.45 to 1.84% h -1 for digestible NDF (Table 9) . The rate of digestion (kd) of NDF and digestible NDF ranged from 1.0 to 1.7 and 1.7 to 2.7% h -1 , respectively and was significantly (P=0.05) higher with nitrogen supplementation compared to other treatments. Starch supplementation significantly (P=0.01) increased the passage rate (kp) of NDF and also tended to increase (P=0.09) the passage rate (kp) of digestible NDF compared to other treatments ( Table 9 ). The passage rate of INDF was highest with cassava flour (2.55% h -1 ) and lowest with "Magadi" treatment (1.96% h -1 ).
DISCUSSION
The hay used was very poor in quality characterised with a low CP content (3.4%), high NDF content (75%) and low in vitro organic matter digestibility (36.7%). The high ash content in the hay (11%) was possibly due to high silica content as frequently observed with mature dry tropical grasses and stovers (Mgheni, 2000) and also due to soil contamination during harvesting. "Magadi" was found to contain mainly minerals and was very rich in water-soluble bicarbonate and may well be very similar to the Magadi soda commercially available from Lake Magadi in Kenya (Nyachoti et al., 1998) . The CP content in the concentrate mixture was improved due to the high content of CP in sunflower cake.
The observed higher total DM intake with starch (cassava flour) and sugar (molasses) treatments was expected due to the extra DM from cassava flour (0.9 kg) and molasses (1.3 kg). Smallholder farmers asserted that when they used "Magadi", the animals ate more and produced more milk. However, in this study, intake of hay was not increased with "Magadi". This was possibly due to the short adaptation period (14 days). Nangole et al. (1983) observed that it took over a month for cattle not used to Magadi soda soaked maize cob to adapt, and when they did, there was a dramatic increase in both DM intake and overall animal performance, and the maize cobs in their study were ground and soaked in 9% Magadi soda solution for 24 h before feeding in contrast to this study where Magadi was sprayed on the hay. Hay intake and apparent DM and OM digestibility were highest with protein supplementation due to a positive effect in the rumen on rate of digestion of NDF.
The molar proportion of the individual VFAs is highly influenced by the activities of the dominant microbial species in the rumen (France et al., 2000) . The observed higher molar proportion of acetate with nitrogen (HFC) and "Magadi" (HMG) supplementation indicated a more cellulolytic rumen environment with those treatments (Czerkawski, 1986) . Staples and Lough (1989) noted that in most reported works where bicarbonates are used as a buffering agent in the rumen, the molar proportion of acetate increases. The low molar proportion of acetate and high proportion of butyrate and propionate with molasses and cassava flour feeding were consistent with other findings (Ørskov and Ryle, 1990; Obara et al., 1991) involving high intake of rapidly fermentable carbohydrates.
The pH changes (Figure 1 ) after ingestion of concentrates were expected and followed closely the trend obtained by Khalili and Osuji (1994) in animals fed poor quality hay supplemented with different levels of molasses and also with high concentrate feeding (Devant et al., 2000) . Contrary to expectation, the buffering ability due to bicarbonates in "Magadi" was not observed. Ruminal fluid pH was relatively higher with sugar (molasses) compared to starch (cassava flour). This disagreed with other findings where sugar tended to depress rumen pH more than starch (Chamberlain and Choung, 1995; Stensig et al., 1998) . The reason for this disparity was probably in the amounts offered and the frequency of intake. Since molasses was mixed with the hay, the rate of intake was closely linked with the intake of hay and thus small amounts were consumed at a time. In this study, fermentation of plant fibre seemed not to be affected by pH since for most part of the day, rumen pH was above the critical lower limit of 6.0 (Mould et al., 1983) below which fibre digestion starts to be compromised.
Peak ammonia concentration in the rumen fluid occurred for treatment HFC just after feeding the concentrate and also to a small extent in the control ( Figure  2 ). This was expected bearing in mind the high amounts of protein (sunflower) in the concentrate mixture and moderate amounts in the maize bran that had high N degradation in the rumen. However, only feeding the concentrate mixture resulted in mean rumen ammonia concentration above the minimum recommended level (5 mg N/100 ml) for optimum microbial function, though this level is thought to vary widely (Song and Kennelly; Perdok and Leng, 1990) . The cause of the low ruminal ammonia levels with "Magadi" (HMG), starch (HCA) and sugar (HMO) is the low nitrogen content in the feed on these treatments and further a microbial need for synthesis fueled by carbohydrate fermentation and the lowest ammonia concentration also appeared with the highest carbohydrate supplementation (HMO).
The magnitude of rumen pool sizes of different dietary components is influenced by the rates of intake and clearance from the rumen through passage and digestion (Van Soest, 1994) . Concentrates are rapidly fermented but plant cell walls (NDF) are slowly fermented and therefore greatly contribute to rumen fill (Madsen et al., 1994) . Rumen pool sizes of NDF fractions were not significantly affected by treatments and may be determined more by the rumen fill capacity of the animal and less by the type of feed.
With "Magadi", intake and passage of NDF were slightly lower compared to the control, but the rate of digestion was higher leading to an overall higher NDF digestibility compared to the control (Table 6 ). The cause of reduced NDF passage from the rumen with "Magadi" treatment was not clear. It might be that the increased ionic concentration of the rumen liquor led to an increase in the buoyancy of NDF particles and therefore reduced passage out of the rumen. The apparently higher mean retention time with "Magadi" treatment may have allowed more time for NDF digestion in the rumen.
With starch (cassava flour) supplementation, intake of NDF was not much increased but passage rate (kp) was significantly increased and the rate of digestion (kd) decreased (see Table 9 ). This led to the observed significantly lower calculated rumen and total tract NDF digestibility. The high passage rate of NDF with cassava flour in this study disagreed with the findings of Robinson et al. (1987) where increased starch intake tended to reduce the passage rate of NDF, but the depressing effect of starch on NDF digestion is generally found (Ahmed, 1977) .
The commonly observed depressive effect on fibre digestibility associated with molasses feeding (Khalili and Osuji, 1994; Kalmbacher et al., 1995) was not clearly manifested in this study. This was because molasses was sprayed on the hay such that the rate of intake was very slow and therefore small amounts were being consumed at a time. Also, the estimated intake of molasses in this study (1.3 kg DM/animal/day) was below the lower limit of 1.5 kg DM/day/animal above which fibre digestibility starts to be compromised (Khalili and Osuji, 1994) .
Nitrogen supplementation (HFC) led to higher rate of digestion and a higher intake of NDF than for other treatments, with a moderate rise in passage. The overall effect was higher rumen and total tract NDF digestibility (Table 6 ). This agreed with the findings of Yan et al. (1996) that moderate supplementation of poor quality roughage with protein rich concentrates improves intake and plant fibre digestibility.
The passage rates of INDF with all the treatments in this experiment were rather high (2.0 to 2.6% h -1 ). However, they were generally lower than those reported by Mgheni (2000) (1.17 to 3.48% h -1 ) in heifers fed either hay, maize silage or urea treated straw under tropical conditions. Stensig (1996) obtained passage rate of INDF in cows fed either lucerne silage or timothy silage mixture supplemented with graded levels of sugar or starch that were much lower (1.4 to 1.8% h -1 ) compared to those obtained in this study. The disparity was expected bearing in mind the great differences in breed, environment, treatments, sources of NDF and intake levels in the reported works. However, the greatest contributory factor of the high INDF passage rate observed in this study was probably the high level of intake relative to body size (75-112 g/W 0.75 ) of the animals used in this trial. High intake level exerts some pushing effect on passage.
The passage rate of INDF was much higher than that of NDF that was in turn higher than that of DNDF. This was consistent with literature findings (Huhtanen, 1998; Stensig et al., 1998; Mgheni, 2000) . Such findings agreed with the general understanding that potentially digestible fibre component undergoing fermentation has low functional specific gravity due to gases formed around and inside particles thereby making them more buoyant and less likely to pass out of the rumen (Tamminga et al., 1989) . On the other hand, after long stay in the rumen, particle size decreases due to digestion and mastication leading to an increase in the proportion of indigestible component while the amount of gas falls making the particles more dense and thus more liable to pass out of the rumen (Allen, 1996) . Therefore, the simple one-compartment model on which the rumen evacuation is based is not entirely correct due to inability to take into consideration the selective retention of newly ingested NDF containing materials (Huhtanen, 1998) .
As reported elsewhere (Stensig, 1996; Stensig et al., 1998 ) the 100% post ruminal recovery of INDF is hard to achieve. In this study, faecal recovery of INDF was 93.3, 100.8, 95.9, 88.2 and 100% with "Magadi", starch, sugar, concentrate mixture and maize bran treatments, respectively. The less than 100% recovery of INDF indicate that proper collection of the faeces from the floor was a problem especially the soft faeces when the animals are fed the concentrates.
A more realistic comparison of the kinetics of NDF is obtained when the indigestible fraction is removed from NDF to obtain digestible NDF (Allen and Mertens, 1988) . However, almost similar scenario as for the NDF appeared for digestible NDF. Of all treatments, the nitrogen supplementation (HFC) had the highest DNDF digestibility due to an increase in the rate of digestion, with a slight increase in the rate of passage and the intake of DNDF. This was mainly caused by enhanced cellulolytic activity due to more uniform availability of N (ammonia) throughout the day compared to the other treatments where ammonia availability was limiting fibre degradation.
CONCLUSIONS
This study proved that the major limiting factor for intake, digestibility and therefore efficient utilization of poor quality forage was nitrogen availability in the rumen. Therefore, it is of outmost importance for smallholder dairy farmers who use energy rich supplements like sugar (molasses) and starch (cassava) to concurrently provide nitrogen sources like sunflower cake, which is easily available locally. However, for farmers who do not have access to sources of nitrogen, molasses and cassava can still be used provided they do not give more than 2 kg DM of either supplement per animal/day.
Appropriate amounts or combinations of energy and protein supplements as well as feed additives to optimize intake and digestibility of fibre in the basal diet is still an area where further research is needed.
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